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The possibility that cutaneous magnesium de-
ficiency may be characteristic of chronic dis-
seminated neurodermatitis was first suggested by
MacCardle and coworkers (1, 2). They presented
microincineration and spectrographic evidence of
diminished magnesium content in both the active
lesions and the unaffected skin of such patients. A
defect of either absorption or retention of mag-
nesium by the whole skin of these patients was
postulated. From the clinical data given, such as
sites of involvement, and age of the patients, it
would appear that the dermatosis described
corresponds to what is today frequently called
atopic dermatitis.
More recently, some support for this concept
was advanced by the studies of Allison et al (3, 4)
on the abnormal cantharidin blister in atopic
dermatitis. They showed that cantharidin-in-
duced blisters are of greater volume, and contain
higher concentrations of protein, in atopics than
in either normal persons or persons with other
types of "eczema" of comparable severity. They
then showed that disodium cantharidin (DSC)
inhibits two glycolytic, magnesium-dependent,
ATP-regenerating enzymes, and that this inhibi-
tion can be reversed by the addition of excess
magnesium ions. They suggested that possibly
DSC may interfere with utilization of magnesium
ions by inhibiting their binding by magnesium-
dependent enzymes. Atopic skin, if deficient in
magnesium ions, would then be expected to be
more easily subject to the effects of DSC.
Not all workers, however, have agreed with the
concept of magnesium deficiency in atopic derma-
titis. Thus, the problem was examined by Sullivan
and Evans (5), who studied experimentally
induced magnesium deficiency in rats. They pre-
sented clinical, histologic and biochemical evi-
dence opposing a similarity between the e,xperi-
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mental magnesium deficiency syndrome in rats
and human atopic dermatitis. Despite the Produc-
tion of a scaly dermatosis in the rats, and de-
creased serum magnesium levels, cutaneous mag-
nesium content was not diminished.
In order to resolve this question, a dual study
was undertaken. The first part was a study of
microincinerated tissue sections from normal
skin, and from involved atopic skin. The second
part consisted of the application of a new and
highly sensitive fluorometric procedure to the
quantitative determination of magnesium levels
in normal skin and involved atopic skin.
SUBJECTS AND METHODS
A. Microincineralion
Tissue for microincineration studies was ob-
tained from normal-appearing skin of 5 cadavers
within 12 hours post-mortem, from normal-ap-
pearing skin of 16 living subjects, and from in-
volved dermatitic skin of 10 patients with atopic
dermatitis. In the group of 16 living subjects from
whom normal skin was obtained, where another
dermatosis was present, biopsy sites considerably
distant from the areas of the dermatosis were
chosen, rather than adjacent normal skin. In the
atopic group, biopsy specimens were taken from
the central, not peripheral, areas of active der-
matitis. All atopic subjects chosen were experi-
encing clinical flareups of the disease rather than
a resolving or healing process. The sources of skin
specimens studied, and other pertinent data are
summarized in Table I.
The diagnosis of atopic dermatitis was ac-
cepted only in the presence of (1) a characteristic
clinical picture with involvement of cubital and/or
popliteal areas by an erythematous, lichenified,
pruritic dermatitis; and (2) either a family history
of atopy (allergic rhinitis and/or allergic asthma
and/or atopic dermatitis), or a personal history
of either of the first two above mentioned atopic
manifestations in addition to the characteristic
dermatitis. Thus, cases of lichen simplex chronicus
(localized neurodermatitis) were excluded from
consideration, as were cases of neurodermatitis
disseminata lacking a personal or familial atopic
background.
All tissues were obtained using stainless steel
instruments (scissors or 5 mm punches) which had
been thoroughly washed in redistilled water prior
to sterilization. Where local anesthetics were used,
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TABLE I
2
3
4
5A
513
6
7
8
9
10
11
12
13
14
15
16
17
18
19A
19B
20
21
22
23
24
25
26
27
28
29
30
31
Foreskin
Abdomen
Abdomen
Abdomen
Thorax
Lower leg
Right scapula
Arm
Cubital
Cubital
Thigh
Thigh
Interscapular
area
Cubital
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
Living—involved skin
aliquots were tested fluorometrically to ensure
that they were free of detectable magnesium
(Mg c 0.01 meq/L by method of Schachter; see
below). Furthermore several comparisons were
performed which showed no significant differences
in the results obtained either by microincinera-
tion or fluorometry whether the local anesthesia
was injected beneath the lesion or around the
periphery of the lesion.
Areas to be excised were briefly cleaned with
70% ethyl alcohol in the case of living subjects;
no preliminary cleansing was done in the case of
the cadaver specimens. Biopsy specimens from
two of the 10 atopic patients were obtained with
a power punch, but no difference in results was
noted from the other 8 specimens obtained using
local anesthesia.
The tissue was immediately fixed in absolute
alcohol for 24—96 hours, cleared in two changes of
xylene for 3 hour each, and embedded in paraffin.
Serial sections cut 10 microns thick were mounted
dry and incinerated in a muffel oven at very slowly
rising temperatures from 20° C up to 450° C over
a 4—6 hour period. Sections adjacent to those in-
cinerated were stained with hematoxylin and
eosin. The incinerated sections were allowed to
cool in a desiccator overnight and examined
microscopically both with direct light and against
''Microincineration specimens''
Group Subject Age Sex Site of Specimen Comments
Normal appear-
ing skin
Atopic derma-
titis
Abdomen
Abdomen
Scalp
Scalp
Sca]p
Scalp
Forearm
Cubital
Cubital
Living—Phimosis
Deceased—traumatic death
Deceased—myocardial infarction
Deceased—shock and uremia
Living—normal skin
Living—normal skin
Living—nummular eczema of extremities
Living—normal skin adjacent to psoriatic
lesion
Deceased—laryngeal carcinoma
Deceased—acute alcohol poisoning
Living—male pattern alopecia
Living—male pattern alopecia
Living-—male pattern alopecia
Living—maie pattern alopecia
Living—normal skin adjacent to area of
tattoo
Living—normal skin in psoriatic
Living—normal skin in patient with nuin-
mular eczema
Living—normal skin
Living—normal skin
Living—normal skin—patient with psoriasis
Living—psoriatic skin
Living—area of normal skin, patient with
contact dermatitis
Living—normal skin
35
23
79
38
55
53
40
56
35
31
36
42
28
34
36
29
43
35
39
29
42
34
38
35
31
35
12
19
45
49
13
M
F
M
M
F
M
M
M
M
M
M
M
M
M
M
M
M
M
F
M
F
M
M
M
M
M
F
F
M
M
F
Cubital
Cubital
Cubital
Cubital
Cubital
Cubital
Cubital
Popliteal
Cubital
Cubital
Fiu. 1. Normal cuhital skin, 42 year old white female; H & E
FIG. 2. Same as Figure 1. Total mineral ash residue after incineration. Darkfie]d illumination
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FIG. 3. Normal cubital skin, 35 year old white male; H & E
Fjo. 4. Same as Figure 2. Total mineral ash residue after incineration. IDarkfleld illumination
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Fm. 5. Dermatitle eubital skin, 31 year old white male with atople dermatitis; K I E
Fm. 6. Same as FIgure 5. Total mineral ash residue after Inelneratlon. Darkfield illumination
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a darkfield background using indirect lighting.
Photographs were taken using a Zeiss photo-
micrograph camera setup with darkfield filter.
Conditions of lighting, exposure, and printing
were as uniform as possible for all sections.
B. Fluorometry
Skin specimens were obtained from active
lesions of 32 patients with atopic dermatitis, from
normal skin of 5 surgical patients at operation,
and from normal-appearing skin of 31 cadavers
within twelve hours post-mortem. Specimens were
obtained and handled with the same precautions
as noted above for microincineration samples.
Subcutaneous fat was trimmed, and the excised
skin was then separated into epidermal and dermal
components by the heat separation method of
Baumberger et al (6). The tissues were stored in
Coors porcelain crucibles in an incubator at 370 C
for 24 hours, then in a desiccator over calcium
chloride until constant weight was reached in
48—96 hours. Specimens were then incinerated in
a muffel oven at gradually rising temperatures up
to 5000 C over a 4—6 hour period. The ash residues
were carefully transferred to pyrex centrifuge
tubes and dissolved in .033 N NC1, using 0.1 cc
of the acid for each 4 mg of original dry tissue
weight ashed. The resulting solution was then
used for magnesium determinations according to
the fluorometric procedure of Schachter (7). In
this manner, epidermal magnesium values were
determined in 16 atopic and 15 control subjects,
while dermal magnesium was measured in 9 atopics
and 15 control subjects. Finally, whole skin mag-
nesium values were measured in 12 atopics and in
16 control subjects.
Glassware and crucibles were thoroughly
cleaned in redistilled water. All fluorometric
readings were made from a Turner Model 110
Fluorometer. The activation wavelength of 380
mu was obtained by a combination of Corning
7-51 and 5-60 filters, and the emission wavelength
of 510 mu was obtained by a combination of
Turner 110-817 (8) and 110-825 (65A) filters.
In a preliminary study, a platinum crucible
was used as a standard to determine the effect of
microincineration temperatures on the release of
traces of magnesium from the Coors porcelain
crucibles. It was found that the crucibles regularly
contributed 8 units of fluorescence (on the arbi-
trary scale of the Turner Model 110 Fluorometer)
to the final total fluorescence of incinerated ash
specimens. Therefore, all final readings on un-
knowns were corrected by the subtraction of S
units of fluorescence (besides subtraction of the
reagent blank).
Recoveries of known amounts of magnesium
added to tissue samples averaged 92%, which is
somewhat less than the 96.7% recovery of mag-
nesium from urine reported by Schachter. The
effect of calcium upon magnesium recovery was
studied, and equirnolar amounts of calcium were
found to produce approximately a 10% quenching
of magnesium recoveries both in control and atopic
skin. However, this quenching effect did not
significantly alter the results reported below.
RESULTS
FIG. 7. Dermatitic cubital skin, 19 year old
white female with atopic dermatitis; H & E.
A. Microincineration
Examination of microincinerated specimens of
atopic skin failed to demonstrate a definite or
regular loss of the white mineral ash of calcium
and magnesium. Such a judgment is to some ex-
tent a subjective one. Only sizable losses would be
likely to produce regularly recognizable differ-
ences by this essentially qualitative technic.
Examples of microincinerated samples of both
normal and atopic skin are shown in Figures 1—10.
B. Fluorometry
Pertinent data concerning the sources of tissue
specimens, sites of biopsy, age, sex, and race of
subjects, and results of magnesium determina-
tions in epidermal, dermal and whole skin speci-
mens are shown in Tables II, III, and IV. Tables
V, VI, and VII summarize the results.
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no.8. Same as Figure?. Total mineral ash residue after ineineration. Darkfield ilininination
Pie. 9. Dermatitie eubital skin 13 rear old white female with atopie dermatith. Total mineral ash
residue after ineineeration. Darkéeld zllnnhiaticin.
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FIG. 10. Dermatitic cubital skin, 35 year old white male with atopic dermatitis. Total mineral ash
residue after incineration. Darkfield illumination.
It was found that epidermal magnesium values
did not differ significantly between atopic and
control groups. However, both dermal and whole
skin magnesium values were significantly higher
in the atopic group than in the control group
(p < 0.01). No significant sex difference between
magnesium levels of normals or atopics was
found. Magnesium values were also analyzed
with respect to age, and although the number of
subjects was too few for statistical significance,
certain trends were noted which merit mention.
From the third to fifth decades a trend toward
increase of both epidermal and dermal magnesium
was observed, averaging about 10% per decade.
The increase was greater in the dermis than in the
epidermis, and more marked in the dermis of
atopics than in the dermis of normal subjects.
COMMENT
It is difficult to compare the finding, in the
present study, of elevated whole skin magnesium
in atopics, with the previous finding (1) of di-
minished magnesium in atopic skin because of the
differences in methods employed. In the present
instance, dry ashing of tissue was performed, and
fluorometry employed to obtain values expressed
in terms of dry weight. The earlier study utilized
wet ashing of tissue specimens of approximately
equal volume, followed by spectrographic analy-
sis. One cannot readily compare these results
in the absence of knowledge of the water con-
tent of the specimens involved.
It is our belief, however, that the expression of
such data on a dry weight basis is preferable un-
less water content is considered and corrected
for when dealing with wet tissue.
The difference in results of the present study
and the previous microincineration study cited
could arise from either differences in subjects
chosen for study, or from differences in technics
employed in obtaining or processing tissue. Since
in both studies the central parts of active lesions
were chosen from patients meeting the clinical
criteria for disseminated neurodermatitis (atopic
dermatitis), it is possible that differences in tech-
nic may have contributed to the disparity. In
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TABLE II
Epidermal magnesium
the earlier study of MacCardle et al (2), tissue was
said to have been incinerated at 6000 C for 30
minutes. However the rapidity with which this
temperature was reached is not stated, nor is it
indicated whether this period of time included the
entire duration of heating. In our own studies we
found that very rapid heating of tissues to maxi-
mum temperatures often led to irregular loss of
mineral ash by "bumping off". Therefore all
tissues were gradually heated from 20° C up to
450° C over a 4—6 hour period. In the earlier
study, tissues were fixed in a 90% alcohol-10%
formalin mixture while in ours, absolute alcohol
was used. Several comparisons of use of both
fixatives by us failed to show any noticeable dif-
ference in results obtained with portions of the
same tissue.
The most noteworthy finding by fluorometry
is that of normal epidermal magnesium in affected
atopic skin. This is consistent with the impression
gained from our microincineration studies of a
relatively normal total epidermal mineral ash
content. The implication of this finding appears
to conflict with the observations of Allison et at
(3, 4), but may be explained by one or both of the
following possibilities.
Age Sex Race Site of Biopsy
Magnesium
(meq/100 gms
dry weight)
Causes of DeathGroup
Surgical pa-
tients
Cadavers
Atopics
Subject
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
29
30
31
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Sudden trauma—accident
Trauma—gun wounds
Septic abortion
Pneumonia
Trauma—knife wounds
Trauma—accident
Trauma—accident
29
67
46
70
30
35
30
45
30
21
17
38
24
65
40
26
12
20
34
29
17
41
29
22
41
22
49
30
22
12
2
F
M
F
M
F
M
F
M
F
M
F
M
F
F
M
F
F
F
M
M
F
F
M
M
M
M
F
M
M
F
F
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Negro
Negro
Caucasian
Negro
Caucasian
Negro
Negro
Negro
Caucasian
Caucasian
Caucasian
Negro
Caucasian
Negro
Caucasian
Negro
Caucasian
Negro
Negro
Caucasian
Caucasian
Caucasian
Negro
Caucasian
Caucasian
Negro
Breast
Abdomen
Abdomen
Abdomen
Abdomen
Chest
Cubital
Abdomen
Abdomen
Abdomen
Abdomen
Abdomen
Cubital
Abdomen
Cubital
Cubital
Cubital
Cubital
Forearm
Forearm
Cubital
Cubital
Popliteal
Cubital
Cubital
Cubital
Cubital
Cubital
Cubital
Cubital
Thigh
2.7
3.0
2.4
2.6
2.2
2.9
2.5
3.8
3.5
2.6
1.9
1.6
2.1
2.2
2.6
3.0
1.2
3.3
3.4
3.3
3.7
3.7
2.7
3.4
3.9
3.4
4.6
3.4
2.0
1.2
2.1
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(1) There may exist in atopic epidermis an,
as yet, undefined competitive inhibitor of mag-
nesium utilization, rather than a quantitative
magnesium deficiency.
(2) The cantharidin effects on atopic skin noted
by Allison et cii must involve ionized magnesium
primarily, whereas the present study measures
total magnesium content of skin. The exact pro-
portions of protein-bound and ionized mag-
nesium in normal and atopic skin are not known,
but could conceivably differ sufficiently to result
in a net functional magnesium deficit in atopic
skin. Thus, an increase in the proportion of pro-
tein-bound magnesium in atopic skin could ac-
count for both the increased effects of cantharidin
noted by Allison et al. and the total normal epi-
dermal magnesium found in the present study.
This possibility remains to be explored.
If further study of larger numbers of subjects
should confirm the observed trend toward in-
creased dermal and whole skin magnesium with
increased age, then the present findings in atopics
would become even more significant because of
the considerably lower mean age of the atopic
group compared to the normal control group.
The observation of increased whole skin mag-
nesium in atopics may be explained on the basis
of two contributory factors:
(1) Epidermal magnesium levels are generally
2—2j times as high as dermal levels; since in-
volved atopic skin is acanthotic, a greater propor-
tion of each atopic tissue sample consists of epi-
dermis than does normal, non-acanthotic skin.
(2) Dermal magnesium is increased in atopic
skin. This is probably a reflection of the increased
cellularity of the inflamed atopic corium. Mag-
nesium is mainly an intracellular cation, and the
inflammatory infiltrate in the atopic corium
should increase the dermal magnesium content.
TABLE III
Dermal magnesium
Subject Age
Magnesium
(meq/100Race Site of Biopsy gms dry
I weight)
Caucasian Scalp 0.7
Caucasian Scalp 1.1
Causes of DeathGroup
Surgical
patients
Cadavers
Atopics
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Sex
M
M
M
F
F
M
F
M
F
F
M
F
M
M
M
M
F
F
F
M
'VI
F
F
M
42
30
14
11
50
21
17
38
24
65
70
30
51
55
40
29
26
15
42
30
22
12
2
/2
Trauma—car accident
Trauma—car accident
Arteriosclerotic heart disease
Trauma—gun wounds
Septic abortion
Pneumonia
Trauma—acute
Trauma—acute
Arteriosclerotic heart disease
Trauma
Arteriosclerotic heart disease
Trauma—acute
Trauma—car accident
Caucasian
Caucasian
Caucasian
Caucasian
Negro
Negro
Negro
Caucasian
Caucasian
Caucasian
Negro
Caucasian
Caucasian
Caucasian
Negro
Negro
Caucasian
Negro
Caucasian
Caucasian
Negro
Caucasian
Abdomen
Abdomen
Abdomen
Abdomen
Abdomen
Abdomen
Cubital
Abdomen
Abdomen
Abdomen
Abdomen
Cubital
Cubital
Forearm
Cubital
Cubital
Cubital
Cubital
Cubital
Cubital
Thigh
Thigh
0.5
1.0
1.4
0.5
0.9
0.5
0.9
0.7
0.7
0.9
0.3
2.1
1.0
1.6
1.2
1.5
2.4
1.4
1.8
1.6
0.8
1.0
If cutaneous magnesium levels be partly a
function of epidermal acanthosis and dermal
cellularity, then other acanthotic or inflammatory
dermatoses should also show increased whole
skin magnesium values. To test this supposition,
whole skin magnesium values of involved skin of
5 psoriatics were determined. The mean value
was 2.2, more than double the mean value for our
normal control group, and closely approximating
the mean value of 2.4 in our atopic group.
MAGNESIUM IN NORMAL ANI) ATOPIC SKIN
TABLE IV
Whole skin rnaqnesium
Sex
303
Race Site of Biopsy
\1agnesium
(meq/1 00
gms dry
weight)
Causes of DeathGroup
Surgical
patients
Cadavers
Atopics
Subject
1
2
3
4
5
6
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
Age
42
30
73
46
51
50
54
64
63
23
52
66
65
77
40
55
11
13
20
14
18
60
35
12
14
28
15
30
M
M
F
F
M
F
M
M
F
M
F
M
M
M
'VI
M
M
F
F
M
F
M
M
F
F
M
F
M
Caucasian
Cauc asian
Caucasian
Caucasian
Negro
Caucasian
Caucasian
Cauctsian
Caucasian
Negro
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Cauc asian
Mongoloid
Caucasian
Negro
Caucasian
Caucasian
Caucasian
Caucasian
Negro
Negro
Caucasian
Negro
Caucasian
Arteriosclerotic heart disease
Laennec's cirrhosis
Trauma—acute
Cerebral hemorrhage
Arteriosclerotic heart disease
Pneumonia
Trauma—acute
Arteriosclerotic heart disease
Cerebral hemorrhage
Cerebral hemorrhage
Trauma—car accident
Arteriosclerotic heart disease
Scalp
Scalp
Back
Breast
Abdomen
Cuhital
Abdomen
Chest
Abdomen
Abdomen
Abdomen
Abdomen
Abdomen
Abdomen
Cubital
Abdomen
C ubital
Cubital
Cubital
Cubital
Cubital
Popliteal
Cubital
Cubital
Popliteal
Cubital
Cubital
Cubital
0.5
3.3
0.3
0.7
0.8
2.1
0.6
1.1
0.6
1.2
1.2
0.5
0.4
1.2
0.5
0.4
3.4
2.6
3.3
2.9
2.3
2.2
1.8
1.6
2.5
1.5
2.7
1.8
TABLE V
Epidermal Magnesium
Group
Control subjects
Atopic subjects
TABLE VI
Dermal Magnesium
No. of
Sub-
jects
15
16
Magnesium Concen-
tratrnn (meq/100
Mean gms dry epidermis)
Age
Mean Range
40 2.6 .61.6—3.8
25 3.0 .91.2—4.6
Group
Control subjects
Atopic subjects 9 20
Magnesium Concen-
tration (meq/100
gms dry dermis)
Mean Range
0.9
.40.3—2.11.5 .40.8—2.4
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TABLE VII
Whole Skin Magnesium
Group
No. of
Sub-jects
Mean
Age
Magnesium Concen-
tration (meq/100
gm dry whole skin)
Mean Range
Control subjects
Atopic subjects
16
12
53
23
1
.810.3—3.3
2.4
.61.5—3.4
SUMMARY AND CONCLUSTONS
L Evidence for and against the concept that
atopic dermatitis is characterized by cutaneous
magnesium deficiency is reviewed.
2. A series of 10 microincinerated tissue speci-
mens from involved sites of active atopic derma-
titis failed to reveal a definite diminution of the
total white ash content of calcium and mag-
nesium.
3. The magnesium content of epidermis,
dermis, and whole skin from both normal and
atopic subjects (biopsy and cadaver specimens)
was measured fluorometrically. No significant
difference in epidermal magnesium was found be-
tween involved atopic and normal control skin
specimens.
4. However, both dermal and whole skin mag-
nesium levels were significantly increased in
atopic skin. The increase in whole skin mag-
nesium is not specific, but a reflection of both
acanthosis and dermal cellularity; a similar in-
crease was noted in psoriasis.
5. In the light of other recent work, the present
findings suggest either the presence in atopic skin
of some as yet undefined inhibitor of magnesium.
utilization, or a difference in the proportions of
free and bound magnesium in normal and atopie
skin.
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